ABSTRACT A 42-d floor pen study was conducted to compare broiler (Ross × Ross 308) performance and carcass measurements when fed diets containing meal produced from glyphosate-tolerant soybeans (MON 89788) with those of broilers fed diets containing meal produced from control soybean (A3244) that has similar genetic background to MON 89788. Soybean meal produced from 6 conventional soybean varieties was included in the study to provide comparison measurements for broilers fed meal derived from conventional soybeans. It has been found that MON 89788 produces the 5-enolpyruvylshikimate-3-phosphate synthase protein from Agrobacterium sp. strain CP4 (cp4 epsps), which confers tolerance to glyphosate, the active ingredient in Roundup agricultural herbicides. Broilers were fed starter diets (approximately 33% wt/wt dehulled soybean meal) from d 0 to 21 and grower-finisher diets (approximately 30% wt/wt de-
INTRODUCTION
A second-generation glyphosate-tolerant soybean that confers tolerance to glyphosate, the active ingredient in Roundup agricultural herbicides, is MON 89788. It has been found that MON 89788 expresses the same protein, 5-enolpyruvylshikimate-3-phosphate synthase from Agrobacterium sp. strain CP4, as that in the first-generation glyphosate-tolerant soybean (40-3-2) but has a molecular expression cassette distinct from that in 40-3-2. In the future, MON 89788 will continue to provide growers flexibility, simplicity, and cost-effective weed-control options; in addition, MON 89788 and varieties con-©2007 Poultry Science Association Inc. Received April 2, 2007. Accepted September 3, 2007. 1 Corresponding author: mary.l.taylor@monsanto.com 2608 hulled soybean meal) from d 21 to 42. The study utilized a randomized complete block design with 8 dietary treatments assigned randomly within 5 blocks of 16 pens each (8 male and 8 female) with 10 birds per pen. There were 10 pens per treatment group (5 male and 5 female). No treatment differences (P > 0.05) were detected among dietary treatments for feed intake, weight gain, adjusted feed conversion, or any measured carcass and meat quality parameters. Comparison of all performance, carcass, and meat quality parameters measured showed no differences (P > 0.05) between birds fed the MON 89788 soybean meal diet and the population of birds fed the control and 6 conventional reference soybean meal diets. It is concluded that the diets containing soybean meal produced from MON 89788 were nutritionally equivalent to diets containing soybean meal produced from the control and conventional reference soybean varieties when fed to broilers. taining the trait have the potential to enhance yield and thereby further benefit farmers and the soybean industry. It has been noted that MON 89788 was developed by introduction of the cp4 epsps gene cassette containing a promoter that has been used in other crops such as Roundup Ready Flex cotton (Fincher et al., 2003) . In addition, the transformation was based on a new technique of Agrobacterium-mediated gene delivery to soybean meristem, where cells were induced directly to form shoots and cause transgenic plants (Martinell et al., 2002) . This new technique allowed direct transformation of the gene cassette into elite soybean germplasm such as the Asgrow soybean variety A3244 (Paschal, 1997) , which is known for its superior agronomic characteristics and high-yielding property (Tylka and Marett, 1999) . Using elite germplasm as the base genetics, the superior agronomic characteristic of A3244 can be introgressed to other soybean varieties through crosses with MON 89788 containing the cp4 epsps cassette. In general, MON 89788 has been found to have a 4 to 7% yield advantage compared with Roundup Ready soybeans in the same elite genetic background (A3244) while maintaining the weed control and crop safety benefits of the Roundup Ready soybean system. As a result, MON 89788 will be an excellent agronomic base trait for future breeding improvements and multitrait products. This study was conducted to compare nutritional performance (feed intake, BW, and feed:gain), carcass yield, and meat quality of the birds fed diets containing soybean meal produced from the glyphosate-tolerant (MON 89788), the control (A3244) with similar genetic background to MON 89788, and conventional reference soybeans to evaluate the nutritional equivalence of these soybean varieties.
MATERIALS AND METHODS

Broilers and Housing
The study was conducted in accordance with the principles and guidelines for the care and use of agricultural animals in research (FASS, 1999) , which were consistent with the recent recommendations issued by the International Life Sciences Institute (Cromwell et al., 2003) , and, as applicable, were in compliance with FDA (1979) and EPA (1983) good laboratory practice regulations. Ross × Ross 308 broiler chickens were obtained (Welp's Hatchery, Bancroft, IA) at 1 d of age. Broilers were vaccinated for Marek's disease at the hatchery and for Newcastle disease and infectious bronchitis at the test site on the study start day. The broilers were randomly assigned by sex to concrete-floored pens (1.5 m × 0.9 m, providing approximately 0.09 m 2 per bird), with approximately 13 cm of clean wood shavings in an environmentally controlled building with incandescent lighting. Incandescent lighting was provided for 23 to 24 h/d for approximately the first 4 d of the study and for 10 to 16 h for the remainder of the study. The target room temperature was 34°C at the start of the study and was gradually decreased each day to a target room temperature of 23°C from d 30 through the remainder of the study. Water and feed were available for ad libitum consumption throughout the experiment. Within each pen, water was provided via a hanging automatic bell drinker (36-cm diameter), and feed was provided via a hanging tube feeder (43-cm diameter). A chick feeder tray was placed in each pen for the first 4 d. Environmental conditions (floor space, temperature, lighting, bird density, and feeder and water space) were similar for all treatments.
Experimental Design
A randomized complete block design was used with 8 dietary treatments (test, control, and 6 conventional reference soybean meal diets). For each of the 8 treatment groups, there were 100 broilers in 10 pens (total of 800 broilers): 5 pens of males (10 broilers/pen) and 5 pens of females (10 broilers/pen). Initially, there were an additional 2 broilers in each pen to compensate for early chick mortality during the first few days posthatch. At d 7, the group size was adjusted to 10 broilers/pen. The initial criterion for bird removal on d 7 was unthrifty birds that are smaller and have a health or deformity problem (leg problems, cross beaks, swollen eyes) that would prevent the bird from surviving the length of the study, followed by random selection, the reason for most removal. 
Diets
Diets were formulated based on the individual nutrient analyses of each soybean meal lot (Table 1) 
Measurements
Broilers were observed regularly for general health. All dead birds and those killed due to their unhealthy condition were weighed and necropsied, and the probable cause of death or reason for removal was documented. Broilers were weighed at d 0 and 42 by pen and individually at study termination (d 43 for males and d 44 for females). Average BW (kg) and feed intake (kg) were calculated from pen data. Adjusted feed conversion was calculated by dividing the total feed consumption per pen by the total BW of the surviving broilers and those that died or were removed from the pen. At the end of the study, all broilers were processed for assessment of carcass yield by severing the jugular, scalding, plucking, eviscerating, and then placing the eviscerated bird in an aerated chill tank (ice and water). The fat pad was removed and weighed during the eviscerating process. After the birds were chilled to approximately 7°C for approximately 50 min, the birds were removed and allowed to drain for a minimum of 15 min in a container with ice on the top and bottom. Individual bird chilled weight was obtained, the bird was deboned, and the individual parts were weighed and recorded. Skinless thigh and breast tissues were collected from 1 randomly selected broiler from each pen and analyzed for moisture (method 934.01), protein (method 984.13), and fat (method 954.02) at the Experiment Station Chemical Laboratories (Columbia, MO) according to the 17th edition of the AOAC (2000) methods.
Statistical Analysis
Statistical analysis (ANOVA) was carried out using a linear mixed model procedure of SAS, version 9.1.3 (SAS Institute Inc., Cary, NC). The statistical model included effects of treatments, sex, block, and sex × treatment interactions, with the experimental unit being the pen. The mean values obtained for the broilers fed MON 89788 diets were compared (combined sex) with those fed the control and conventional reference soybean meal diets at the 5% level of significance using a protected Fisher's least significant difference test (Fisher, 1949) .
When a significant sex × treatment interaction was noted (P < 0.15), the mean values were also evaluated by sex. An additional statistical analysis compared data from broilers fed the MON 89788 diets to the population of responses from broilers fed the control and conventional reference soybean meal diets to determine whether the values of the test soybeans were within the population of control and reference soybeans used in this study.
RESULTS
Pesticide levels in MON 89788, control, and conventional reference soybean meal used in diet preparation were below the limits of concern for broiler performance. All pesticide values were below the assay limits of detection as reported in parentheses: organophosphates (0.050 ppm), organonitrogens (0.500 ppm), organochlorinates (0.200 ppm), and N-methylcarbamates (0.100 ppm). The nutrient assay results for diets are presented in Table 3 .
Chick mortality was low (1%) during the first 7 d, and those observed were due to bacterial infection, dehydration, or refusal of feed (starve-out). Mortality from d 7 to 42 ranged from 1 to 5% across treatments (mortality for the MON 89788 treatment was 4%). The deaths on d 7 to 42 were primarily attributed to sudden death and ascites. Mortality was random across treatments, and remaining broilers in all treatments were in good health.
Performance measurements of BW at d 0 (g/bird) and d 42 (kg/bird), total feed intake (kg/bird and kg/pen), and adjusted feed conversion (kg/kg) were not different Feed conversion adjusted by dividing the total feed consumption/pen by the total BW of the surviving broilers and those that died or were removed from the pen. Mean values of breast and thigh meat analyses were based on 1 bird per pen.
(P > 0.05) for birds fed MON 89788, control, and conventional reference soybean meal diets (Table 4) . Likewise, carcass measurements including processing live weight, chilled weight and fat pad weight (kg and % of live weight), and weights of breast, wing, drum, and thigh parts (each expressed as kg and % of chilled weight) were not different (P > 0.05) between broilers fed diets containing MON 89788 and those fed the control or reference soybean meal diets. No differences (P > 0.05) among any of the diets were observed for the percentage of moisture, protein, or fat in skinless thigh and breast meat samples collected at processing. Comparison of the data from broilers fed soybean meal produced from MON 89788 to that of the population of broilers (combined sex) fed diets containing control and conventional reference soybean meal showed no differences (P > 0.05) in any measured performance, carcass yield, or meat quality parameter (Table 5) .
DISCUSSION
Comparative feeding studies with broilers may be used to detect potential unintended (pleiotropic) effects resulting from the transformation event or from the expression of the new trait (or traits) by examining performance characteristics during a rapid growth period of broilers during which they are sensitive to small nutrient or antinutrient changes in the diet (Chesson and Flachowsky, 2003; Flachowsky et al., 2005) . Broiler studies have become a standard component of the safety and nutritional assessment of crops developed through biotechnology (Astwood and Fuchs, 2001 ). Previously, researchers have reported no biologically relevant differences in performance when poultry and livestock were fed diets containing meal produced from first-generation glyphosate-tolerant soybeans (40-3-2) as compared with meal produced from conventional soybeans (Hammond et al., 1996; Cromwell, et al., 2002) . This paper describes a broiler study conducted as part of an overall safety assessment of the second-generation glyphosate-tolerant soybean, MON 89788. The nutritional evaluation was based on a direct comparison between the biotechnology-derived crop and the relevant conventional counterparts. The statistical significance of any potential differences in performance and carcass yield and quality between broilers fed diets containing MON 89788 and the parental control was assessed in the context of the range of natural variation by including the conventional refer- ence diets. This inclusion of multiple conventional reference diets also increased the sensitivity and statistical power of the test. The results of this broiler feeding study support the conclusion that there are no differences in the parameters evaluated among broilers fed soybean meal produced from glyphosate-tolerant (MON 89788), genetically similar control, and conventional reference soybeans. Therefore, soybean meal derived from MON 89788 is nutritionally equivalent to soybean meal derived from varieties currently in the marketplace. This conclusion is consistent with the results of previous feeding studies conducted with the first-generation (40-3-2) glyphosatetolerant soybeans (Hammond et al., 1996) . These results are as expected based on extensive compositional evaluation of the MON 89788 glyphosate-tolerant soybeans, which showed no biologically relevant differences in nutrient and antinutrient content compared with the control soybeans. These data support the conclusion that the soybean meal produced from MON 89788 is as wholesome and nutritious as conventional soybean meal based on its ability to support rapid growth and equivalent carcass yield and composition in broiler chickens.
